CORRELATION of the area of the stenotic mitral valve at autopsy with estimation from hemodynamic data is limited because patients either go to surgery or must wait for postmortem study through months or years of progressing stenosis, rheumatic activity, subacute bacterial endocarditis, enlarging heart, or failing heart. This is a report of such a correlation 10 days after cardiac catheterization.
The patient was a 55-year-old white woman who, by history, physical examination, electrocardiography, chest radiography, and fluoroscopy, had pure mitral stenosis with right ventricular and left atrial hypertrophy, atrial fibrillation, and congestive heart failure.
Right-sided cardiac catheterization was performed in the usual manner and left-sided catheterization was done via a transatrial posterior approach.* Cardiac output was determined by the Fick principle with simultaneous pressure recordings ( fig. 1 ). Gas was analyzed with the Beckman analyzer and the blood oxygen by a modification of the Hickam method with use of the Van Slyke spectrophotometer. Sedation before catheterization was pentobarbital, 100 mg., and morphine, 10 mg. The data obtained are summarized in table 1. Effeetiv mitral valve area was calculated to be 0.8 cm.2 at rest. A dye-dilution study for mitral regurgitation was not done.
The evening of the day of cardiac catheterization she had a slight unilateral facial weakness with drooling and slow speech; these From the Department of Medicine, New England Center Hospital-Pratt Diagnostic Clinic, Boston, Massachusetts.
Dr. Richter 's present address is 46 Columbia Street, Wilmington, Massachusetts.
*The author is indebted to Dr. James A. Bougas for permitting publication of the data he obtained.
Circulation, Volume XXVIII, September 1963 signs were gone 2 days later. She was given heparin and coumadin sodium. On the morning of the tenth day following cardiac catheterization she suddenly died in an episode that was clinically consistent with cerebral embolism, although fatal arrhythmia could not be excluded.
Methods and Results
The mitral valve orifice was estimated nine ways on the fresh, uncut, unfixed heart.
1. The length of the curve of the fish-mouthed, closed miitral valve was 4.3 cm. and the regurgitant opening was 0.3 cm. in diameter, or 0.07 cm.2. The right atrium, left atrium, and right ventricle were dilated. Little calcification was present. Superficial lacerations were noted at each end of the mitral valve ( fig. 2 ). No thrombi were found in the heart, and no emboli or infarets in the brain. 2. A finger was inserted into the valve and a string was later wrapped arounld t.Le finger so that the pre:;surcs tfLe equal. loll ..e kLi_e len-th of 5.3 cm., the miitral valve area was estiinated at 2.2 cm.2 by using the formiula for the area of a circle (A = C2/4rr where C = circumference).
3. After a small piece of paper was placed against the ventricular surface of the mitral valve, a pencil tracing was made from above. This tracing was transferred to electrocardiograph paper and the number of square mnillimiieters enelosed wsts ldiILCd to be 1-j0, ol 1..0 L' 4. A cone xas miiade fromii nioldiin5 clay a'ad inserted into the valve with enough pressure to touch all surfaces of the valve. A needle was used to outline on the clay the points of contact between the valve and the cone. This circumference was 5.2 Cm., and the calculated area, therefore, 2.1 cm.2. 5. The cone was then cut along the circumferential lines and each piece checked to confirm the fit with the muitral valve. A tracing from the narrow end of the cone onto electrocardiograph paper revealed a counited valve area of 2.23 cm11.2. 6. A tracing from the wide end of the cone ! ielded a valve area of 2.31 cm.2.
7. The cardiac surgeon, Dr. Harold F. Rheinlander, inserted his index finger into the valve and estimated it to be about 1.7 cm.2. 451 8. A finger was inse-rted inlto the valve anid a nmold of clay fashioned with subjectively the samiie amount of pressure around the finger. The valve area, when calculated from a tracing on electrocardiograph paper, was 2.10 cii.2 9. Paraffin was poured into the opened left atrium, and a cast was miiade of the valve. The heart was then cut away from the cast. The smallest circumference of the cast was 4.7 cm. The valve area (if one were to consider the roughlv circular valve a perfect circle) using the formula A = C2/4r, was 1.8 cm.2.
Discussion and Conclusions
Gorlin' had found close correlation in six patients between mitral valve area estimated by formulas based on hydraulic principles and measurement of human hearts by "standard gross technics" at autopsy. No clinical information was given, however, especially with regard to the time interval between catheterization and autopsy study to determine if rheumatic or bacterial valvulitis or time for restenosis, further stenosis, cardiac enilargement, or heart failure might have occurred. The mitral valve area by aetual measuremnents in this case varied between 1.40 and 2.31 cm.2 withl an average of about 2.0 cmi." The postmortem estimationby a cardiac surgeon who inserted his educated finger into the valve was about 1.7 ecn.2. There was a imarked difference between the results of nmeasurements employing no tension on the valve (such as the tracing of the open valve and the wax cast) and the methods using pressure (such as the conie anid the finger).
Calculationis done onl a living heart, contracting in systole, anid with muscular tonus even during diastole are obviously different from measurements performied on a flaccid postinortem specimen. For this reasoni and possibly for two others one might conclude in this case that there is poor correlation between iiiitral valve area estimated during life with autopsy measurement after death.
Seltzer et al.2 stated " The fornula (for mitral valve area) takes into account only the niet forward flow of blood, without coilsidera-tioIn of the possibility of to-and-fro movement of blood in the presence of valvular insufficieney, so that in the presenee of such reguroitatioll the application of the formula (of Gorlini and Gorlin) leads to a gross overestiination of the severity of stenosis."
Gorlin had beeni aware of this limitation in 1951. This, thlen, is a seeond possible reason for underestimationi of mitral valve area at the time of cardiac catheterization.
The third and possibly imiost important rea-soIi for poor correlation between actual an-d calculated valve area hias to do with the low cardiac outp)itt-t. The datalher-eini preseited raise doubt about the validity of Gorliniis formiulas in the presence of low cardiac output, Circulation, Volume XXVIII, September 1963 ani observation often made but never, to the author 's knowledge, reported. Calculated areas may be inaccurate by more than 100 per cent because of pressure so low that it is like calculatig, the cross-sectionied area of a pipe through whliel water is only trickling.
Onie may conclude also that a standardized form of measuring mitral valve areas at the autopsy table is needed. A pliable cone whose weight is such that its pressure on the valve equals the left atrial mean pressure may be such a device. Summary A rare opportunity to measure mitral valve area at autopsy shortly after its estimation by means of cardiac catheterization was afforded without the complicating influences of surgery, subacute bacterial endocarditis, smouldering rheumatic valvulitis, or a long enough time interval between catheterization and postmortem study for increased stenosis or increased cardiomegaly to occur. The postmortem estimation of mitral valve area varied between 75 and 213 per cent greater than the mitral valve area estimated from cardiac eatheterization data.
La6nnec, even as an undergraduate, was a pioneer in pathologic anatomy, and he wrote the chapters on the subject in the "Dictionnaire des sciences medicales," just beginning its series of sixty volumes. In volume 2 (1812) he divided all diseases into two classes. "First, those accompanied by an obvious lesion in one or many organs, hence called, for some years, organic diseases; second, those which show no constant lesion in any part of the body from which their origin could be derived. These are conmmonly called nervous d-seases." He continued: "If one is called to a patient with an affection of the thorax in which dyspnea is the principal symptom and where one finds no signs indicating pulmonic phthisis, a disease of the heart, an aneurysm of a great vessel, or any other organic affection of the parts contained in the thorax, one can conclude that the disease is ilervous." In volume 2 of the Traite de l'auscultation mediate," 1826, page 744, he designated nervous disorders of the heart and great vessels, including neuralgia of the heart, nervous palpitation, spasm of the heart with bellows murmur and fremitus, nervous disorders of the arteries, spasm of the arteries with murmur and fremitus. The section on Heberden's angina pectoris begins on page 745 under the heading Neuralgias of the Heart. He was familiar with the symptoms, especially of the mild forms, but we are surprised when he tells us that he opened many bodies in angina cases without finding the coronary arteries ossified, the term then used for arteries stiffened by sclerosis. But we cannot understand any more than when under treatment he tells us of the good results he had from placing two magnetized steel plates over the front 
